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Abstract of WO2005095658 

The Invention relates to a method for the 
purification of a molten metal containing one or 
more foreign elements. The invention is 
characterised in that the molten metal is cooled 
to a eutectic temperature to simultaneously form 
purified metal crystals and crystals containing at 
least one foreign element and in that at least 
some of the crystals containing at least one 
foreign element are separated from the purified 
metal crystals by using a solid-solid separation 
technique. 
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(57) Abstract: The invention relates to a 
method for the purification of a molten metal 
containing one or more foreign elements. The 
invention is characterised in that the molten 
metal is cooled to a eutectic temperature to 
simultaneously form purified metal crystals 
and crystals containing at least one foreign 
element, and in that at least some of the 
crystals containing at least one foreign element 
are separated from the purified metal crystals 
by using a solid-solid separation technique. 
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METHOD FOR THE PURIFICATION OF A MOLTEN METAL 

The present invention relates to a method for the purification of a molten metal 
containing one or more foreign elements. The term foreign element is used to indicate 
5 an element whose concentration in the purified metal should be reduced as it decreases 
the value thereof. 

The purification of metals can be economically very profitable as it allows scrap 
metals which may contain different alloying or foreign elements and different amounts 
of the foreign elements to be processed to regain a standard purity and a higher 

1 0 economic value . 

There are several known methods of purifying a molten metal. One example is 
the Hoopes cell as disclosed in e.g. US 1,562,090 whereby aluminium is refined in an 
electrolytic cell. Electrochemical processes for large volumes of metal however are 
very expensive due to the high electrical energy consumption. Furthermore the capital 

15 costs are also high due to the horizontal interface required. 

Another purification method is fractional crystallisation as described in e.g. 
US 4,273,627, whereby a hypo-eutectic molten metal containing one or more foreign 
elements is cooled to achieve partial solidification. The molten metal is cooled to just 
above a eutectic temperature. The crystals that form in the molten metal have a purer 

20 composition than that of the molten metal that is used as a starting point. These crystals 
can then be separated from the remaining molten metal by means of a solid-liquid 
separation technique. This process however has the drawback that when the initial 
concentration of foreign elements is high the amount of purified metal obtained is 
relatively low and the amount of by-product generated is high. This means the 

25 fractional crystallisation method may not be economically feasible for e.g. purifying 
scrap. 

An alternative purification method is by means of separation of foreign elements 
in which a hyper-eutectic molten metal containing one or more foreign elements is 
cooled to achieve partial solidification. The molten metal is cooled to a just above a 
30 eutectic temperature. The foreign element(s) solidify to form crystals containing at least 
one foreign element and/or pure crystals of a foreign element which can then be 
separated from the molten metal using a solid-liquid separation technique. A hypo- 
eutectic molten metal can be made hyper-eutectic by the addition of certain elements as 
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disclosed in US 5,741,348. This method has the drawback that the liquid product 
obtained is not very pure and thus is of relatively low value. 

An object of the present invention is to provide an improved method for the 
purification of a molten metal containing one or more foreign elements. 
5 Another object of the present invention is to provide a process from a which a 

relatively high yield of relatively pure metal can be obtained. 

A further object of the invention is to provide a process which can be used to 
purify large volumes of molten metal containing one or more foreign elements. 

Another object of the invention is to provide an economical method for the • 
10 purification of a molten metal containing one or more foreign elements. 

One or more objects of the present invention are achieved by a method for the 
purification of a molten metal containing one or more foreign elements, which is 
characterised in that the molten metal is cooled to a eutectic temperature to 
simultaneously form purified metal crystals and crystals containing at least one foreign 
1 5 element, and in that at least some of the crystals containing at least one foreign element 
are separated from the purified metal crystals by using a solid-solid separation 
technique. 

The term "crystals containing at least one foreign element" includes 
intermetallics which are formed when atoms of two or more foreign elements combine 

20 in certain proportions to form crystals with a different structure from that of any of the 
individual foreign elements and also pure crystals of a foreign element. The term 
"eutectic temperature" refers to a temperature at which at least two solid phases form 
simultaneously. Eutectic temperature thus refers to the eutectic point for a binary 
system and to a temperature along the eutectic valley for a ternary, quaternary or 

25 higher order system. 

Intermetallics or pure crystals of elements present in the molten metal but which 
are not foreign elements, because their presence is not undesirable in the purified 
product, may also form in the molten metal and need not be separated from the purified 
metal crystals. 

30 The term solid-solid separation technique refers to a technique for separating at 

least one type of solid from another. 

The present invention differs from the known methods of metal purification in 
that the molten metal is cooled to a eutectic temperature and in that a solid-solid 
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separation technique is used to separate at least some of the crystals containing at least 
one foreign element from the purified metal crystals. If a eutectic temperature is 
reached during fractional crystallisation crystals will form that are less pure than the 
molten metal used as a starting point. This results in the process being less efficient at 
5 a eutectic temperature when compared to a temperature above the eutectic temperature. 
If a eutectic temperature is reached during the known method of separation of foreign 
elements crystals will form that are more pure than the molten metal used as a starting 
point. These crystals form part of the by-product thereby making the process less 
efficient at a eutectic temperature when compared to a temperature above the eutectic 
1 0 temperature. 

The present invention has the advantage that when the concentration of foreign 
element(s) in the molten metal to be subjected to the purification method of the present 
invention, is substantially greater than the solid solubility of the foreign element(s) at a 
eutectic temperature is substantially smaller than the eutectic concentration and the 

1 5 partition coefficient is less than one, the product obtained is consistently of relatively 
high purity and the amount of product obtained is relatively high. A product obtained in 
the form of the purified metal crystals contains substantially less of the foreign 
element(s) in comparison with the concentration of the foreign element(s) originally 
present in the molten metal and the amount of by-product is minimised. The crystals 

20 containing at least one foreign element contain substantially more of the foreign 
element(s) in comparison with the concentration of the foreign element(s) originally 
present in the molten metal. The partition coefficient is the ratio of the concentration of 
the foreign element(s) in the purified metal crystals to the concentration of the foreign 
element(s) originally present in the molten metal. The partition coefficient may 

25 preferably be less than or equal to 0.5 or more preferably less than or equal to 0.25 in 
order to obtain higher amounts of purer product. 

Examples of partition or distribution coefficients are 0.03 for aluminium 
containing iron as a foreign element, 0.1 for aluminium containing silicon as a foreign 
element and 0.93 for aluminium containing manganese as a foreign element. The 

30 proceedings of the Fourth International Symposium On Recycling Of Metals And 
Engineered Materials TMS (The Minerals, Metals & Materials Society) 2000 p. 979- 
991 "Refining Of a 5XXX series aluminium alloy scrap by Alcoa fractional 
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crystallisation process" by Ali I Kahveci and Ali Unal lists the partition or distribution 
coefficients for some impurities in aluminium. 

In general the present method has a higher yield than a fractional crystallisation 
method operated at just above the eutectic temperature and has a better product purity 
5 compared to a method comprising separation of foreign elements which is also carried 
out at just above the eutectic temperature. 

The present invention also has the advantage that accurate temperature control 
is not necessary unlike the known fractional crystallisation and separation of foreign 
elements methods. When using the method of the present invention the system is self- 

10 regulating and maintains itself at eutectic temperature in a large solidification range. A 
solid fraction measurement, which need not be stringently accurate, can be used to 
control the process. Solid-solid separation generally becomes difficult when the solid 
fraction is above 30%. An energy measurement can also be used to control the process. 
It is possible and could be advantageous when prior to the application of the 

15 solid-solid separation technique at least some of the purified metal crystals and the 
crystals containing at least one foreign elements are substantially simultaneously 
separated from substantially the total amount of molten metal. The solid-solid 
separation step can then be achieved by e.g. adding the mixture of purified metal 
crystals and crystals containing at least one foreign element to molten salt with a 

20 specific density between that of the specific densities of the purified metal crystals and 
the crystals containing at least one foreign element so that some of the crystals sink into 
the salt whilst the remainder float on the salt. 

Preferably the solid-solid separation technique is executed by separating the 
purified metal crystals and the crystals containing at least one foreign element into 

25 multiple fractions, wherein the ratio of the concentration of the purified metal crystals 
and the concentration of the crystals containing at least one foreign element in one of 
the fractions is higher than the ratio thereof in the molten metal. One of the streams 
preferably contains at least double the concentration of the foreign element originally 
present in the molten metal. If more than one foreign element is present it may be 

30 necessary to separate the molten metal containing the purified metal crystals and 
crystals containing at least one foreign element into more than two fractions. 

As a further alternative at least some of the crystals containing at least one 
foreign element may be separated from substantially the total amount of molten metal 
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containing purified metal crystals. Preferably at least 30% of the crystals containing at 
least one foreign element are separated from the substantially the total amount of 
molten metal containing purified metal crystals. In this alternative embodiment the 
crystals containing at least one foreign element are separated from the molten metal 

5 without a significant amount of either crystallised or molten metal also being separated 
along with the crystals containing at least one foreign element. Although it is desirable 
to avoid including any molten metal when separating the crystals containing at least one 
foreign element, in practice this is not achievable. Preferably the volume of molten 
metal separated along with the crystals containing at least one foreign element is less 

10 than the volume of crystals containing at least one foreign element separated. If desired 
the purified metal crystals can then be removed relatively easily from the remaining 
molten metal. 

A preferred method for solid-solid separation is by using centrifugal force. The 
application of centrifugal force selectively moves the crystals containing at least one 

1 5 foreign element and purified metal crystals due to their difference in density and size so 
a portion of the molten metal containing most of the purified metal crystals can be 
separated from the remainder of the molten metal containing most of the crystals 
containing at least one foreign elements. 

A further preferred method for solid-solid separation is by using an 

20 electromagnetic field. This method advantageously uses the fact that crystals containing 
at least one foreign elements are less conductive than the molten metal whilst the 
molten metal is less conductive than the purified metal crystals. An electromagnetic 
field generated by a magnet applied across a flow of the molten metal containing the 
purified metal crystals and crystals containing at least one foreign elements could be 

25 used to separate the flow into a portion a molten metal containing most of the purified 
metal crystals and a portion containing most of the crystals containing at least one 
foreign elements. Such a method is described in e.g. US 6355085. 

Another preferred method for solid-solid separation is by using a floatation 
technique. Due to the difference in density and particle size between the purified metal 

30 crystals and the crystals containing at least one foreign element the purified metal 
crystals and crystals containing at least one foreign elements have different affinities 
for gas bubbles. By supplying gas bubbles to the molten metal containing the purified 
metal crystals and crystals containing at least one foreign element, the purified metal 
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crystals for example may be borne up through the molten metal to an upper region of 
the molten metal with the gas bubbles whilst the crystals containing at least one foreign 
element remain in a lower region of the molten metal. 

The abovementioned methods for separating the molten metal containing the 
5 purified metal crystals and crystals containing at least one foreign element into multiple 
fractions, containing various concentrations of the crystals containing at least one 
foreign element, may include an additional solid-liquid separation step to remove the 
crystals containing at least one foreign element from the molten metal. Such a step may 
comprise e.g. filtration or centrifugation. As centrifugal force is directly proportional to 

10 mass the difference in specific density between the crystals containing at least one 
foreign elements and the molten metal leads to a different centrifugal force being 
exerted on the crystals containing at least one foreign elements in comparison with the 
molten metal which can be used to separate the crystals containing at least one foreign 
elements from the molten metal. 

1 5 A preferred method for separating at least some of the crystals containing at least 

one foreign element from substantially the total amount of molten metal containing 
purified metal crystals is by bringing a layer of salt into contact with a layer of the 
molten metal containing both the purified metal crystals and crystals containing at least 
one foreign element, using means to transport at least some of the crystals containing at 

20 least one foreign elements into the salt layer and separating the purified metal crystals 
from the molten metal. The means for bringing substantially all the crystals containing 
at least one foreign element into contact with the salt may be, for example, stirring 
means. Once the crystals containing at least one foreign element are brought into 
contact with the salt they can be retained in the molten salt due to their difference in 

25 specific density in comparison with the molten metal and the purified metal crystals. 
The purified metal crystals are also brought into contact with the salt but are not 
retained due to their difference in specific gravity. The crystals containing at least one 
foreign element can be relatively easily removed from the salt and the purified metal 
crystals can be separated from the molten metal by e.g. filtration. The salt preferably 

30 has a melting point below the eutectic temperature at which the process is performed. 

The method of the present invention is particularly suitable for purifying molten 
aluminium which contains at least one foreign alloying element. Primary aluminium 
production from aluminium ore is very energy intensive and expensive making 
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recycling more viable. However, using the prior art methods of metal purification it is 
still often not economically viable to purify aluminium scrap without adding relatively 
pure primary aluminium to the scrap to effectively dilute the foreign element(s) present. 
Using the method of the present invention large volumes of aluminium alloy scrap can 
5 be cost-effectively purified without requiring the addition of large amounts of pure 
primary aluminium. 

The present invention can advantageously be used to remove one or more foreign 
elements such as iron, silicon, copper, manganese and magnesium which are often 
present in aluminium alloy scrap in varying quantities. 

10 The present invention may also be advantageously applied in a continuous 

process so the purified metal crystals and crystals containing at least one foreign 
element are formed and separated continuously. By continuously supplying molten 
metal above the eutectic temperature to molten metal which has already been cooled to 
the eutectic temperature, and in which crystals containing at least one foreign element 

1 5 have already been formed, and maintaining the temperature of the molten metal at the 
eutectic temperature the crystals containing at least one foreign element are encouraged 
to grow larger. This is because the crystals containing at least one foreign element 
which were already present in the molten metal act as nucleation sites for the crystals 
containing at least one foreign element which form out of the molten metal 

20 subsequently added. The greater the size of the crystals containing at least one foreign 
element the relatively easier it is to separate them from the crystals of purified metal. 
Both the purified metal crystals and crystals containing at least one foreign element can 
grow to sizes larger than 50 |u,m and up to 200 (am. 

Preferably the molten metal containing one or more foreign elements is 

25 subjected to a fractional crystallisation process and a solid-liquid separation technique 
before the remaining molten metal is cooled to a eutectic temperature to simultaneously 
form purified metal crystals and crystals containing at least one foreign element. By 
subjecting the molten metal containing one or more foreign elements to a fractional 
crystallisation process and a solid-liquid separation technique a large amount of the 

30 purified aluminium crystals are separated from the remaining molten metal before it is 
cooled to the eutectic temperature. The crystals containing one or more foreign 
elements which form at a eutectic temperature are not constrained in a crystal matrix 
which means larger crystals containing one or more foreign elements can form. Larger 



WO 2005/095658 



8- 



PCT/EP2005/001772 



crystals are easier to separate using a solid-solid separation technique. Subjecting the 
molten metal containing one or more foreign elements to a fractional crystallisation 
process and a solid-liquid separation technique before the remaining molten metal is 
cooled to a eutectic temperature can also be used in situations where the concentration 
5 of foreign element(s) in the molten metal to be subjected to the purification method of 
claim 1 , is initially less than the solid solubility of the foreign element(s) at a eutectic 
temperature. After the formation and separation of the purified metal crystals the 
concentration of foreign elements in the remaining molten metal may be greater than 
the solid solubility of the foreign element(s) at eutectic temperature and can then 

1 0 effectively be purified by the method as set out in claim 1 . 

Subjecting the molten metal containing one or more foreign elements to a 
fractional crystallisation process and a solid-liquid separation step before the remaining 
molten metal is cooled to a eutectic temperature is most preferably used for a non- 
continuous or batch process. 

1 5 The molten metal containing one or more foreign elements remaining after the 

solid-solid separation step is preferably subjected to a fractional crystallisation process 
and a solid-liquid separation technique. This further increases the purity of the product. 

More preferably the molten metal containing one or more foreign elements 
remaining after the solid-liquid separation technique is then cooled to a eutectic 

20 temperature to simultaneously form purified metal crystals and crystals containing at 
least one foreign element, and in that at least some of the crystals containing at least 
one foreign element are then separated from the purified metal crystals by using a solid- 
solid separation technique. This further decreases the amount of by-product generated 
by the process. 

25 Table 1 shows the theoretical advantage obtainable when the present invention is 

used to purify 100kg of molten aluminium containing 0.5 wt% Fe in comparison with 
using fractional crystallisation to purify the aluminium. 
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Table 1 







AL [wt %] 


Fe [ wt%] 

mm ml 


Mass [kg] 


Input 




99.5 


0.5 


100 


Fractional 
crystallisation 


Product in 
form of 
purified Al 
crystals 


99.95 


0.05 


76 


By-product in 
form of liquid 
Al and Fe 


98.1 


1.9 


24 


Method of 
invention 


Product in 
form of 
purified Al 
crystals 


99,95 


0.05 


99 


By-product in 
form of 
crystals 
containing Fe 


59 


41 


1 



As can be seen from table 1 the method of the present invention results in a higher 
amount of purified product of purified metal crystals than the fractional crystallisation 
5 method (i.e. 99kg in comparison with 76 kg) although the Fe content in the purified 
metal crystals is the same for both methods. When using the fractional crystallisation 
method the by-product contains far more aluminium than the by-product generated 
when using the method of the present invention. 

10 Both the purified metal crystals obtained using fractional crystallisation and the method 
of the invention can contain as little as 0.05 wt % Fe as this is the solid solubility of Fe 
in aluminium at the eutectic temperature. However when using the fractional 
crystallisation method the maximum amount of iron that can be present in the liquid by- 
product is 1.9 wt % as this is the eutectic concentration of iron in aluminium. When 

15 using the method of the invention the by-product obtained can theoretically contain up 
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to 41 wt% Fe which is the concentration of iron in the AlaFe intermetallics which are 
formed. 

Table 2 shows the advantage obtained when the present invention is used to purify 
5 100kg of molten aluminium containing 3.0 wt% Fe in comparison with using separation 
of crystals containing at least one foreign element to purify the aluminium. 



Table 2 







AL [wt %] 


Fe [ wt%] 


Mass [kg] 


Input 




97.0 


3.0 


100 


Separation of 

foreign 

elements 


Product in 
form of 
molten Al 


98.1 


1.9 


97 


By-product in 
form of 
crystals 
containing Fe 


59 


41 


3 


Method of 
invention 


Product in 
form of 
purified Al 
crystals 


99.95 


0.05 


93 


By-product in 
form of 
crystals 
containing Fe 


59 


41 


7 



10 

As can be seen from table 2 when the molten metal supplied is of hyper-eutectic 
composition the method according to the present invention gives less product (93kg per 
1 00kg as opposed to 97kg) but the iron content in the purified aluminium crystals can 
be considerably lower than the minimum amount of iron in the molten aluminium 
1 5 product that is achievable when using the separation of foreign elements method. Thus 
overall the method of the present invention gives a more economically valuable product 
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although the minimum amount of by-product achievable higher than that achievable 
using the separation of foreign elements method. When separating out the foreign 
elements the maximum obtainable purity of the product is approximately equal to the 
eutectic concentration of iron in aluminium i.e. 1.9 wt% Fe. 
5 The present invention can also be used with ternary systems e.g. aluminium 

containing both Fe and Si. 

The following example considers 100kg of aluminium containing 0.5 wt% Fe 
and 0.5 wt % Si. The following results are obtained by using Factsage™ software and 
the Thermotech Al-data database. Equilibrium is assumed at all temperatures. 

10 The solidification of the metal from the fully molten state at 660°C to the fully 

solidified state at 600°C is considered. Purified aluminium crystals (AL-fcc) start to 
form at 655. 8°C. These crystals initially contain 0.01 wt% Fe and 0.05 wt% Si and are 
clearly far more pure than the liquid. 

The solidification of Al 3 Fe starts at 644.9°C. This is the start of the range of 

15 temperatures referred to in the present application as eutectic. At 644.9°C the purified 
aluminium crystals contain 0.04 wt % Fe and 0.16 wt % Si. The amount of Fe and Si in 
the purified aluminium crystals has increased because a considerable amount (76 kg) of 
aluminium containing virtually no Fe or Si has already solidified out of the molten 
metal which has become more impure and contains 1.9 wt % Fe and 1.6 wt % Si. 

20 When the solidification of Al 3 Fe starts at 644.9°C the Al 3 Fe crystals contain 

40.8 wt % Fe and 0.25 wt % Si. They can be considered highly impure in Fe and the 
invention aims to separate such crystals from the purified aluminium crystals. At just 
above 630.6°C the Al 3 Fe crystals still contain 40.8 wt % Fe but the Si content has 
increased to 0.7 wt %. The purified aluminium crystals contain 0.04 wt % Fe and 0.4 wt 

25 % Si at this stage which is still more pure than the original molten aluminium. 

Between the temperatures of 644.9°C and 630.6°C a further 20.5 kg of purified 
aluminium crystals is formed. The total amount of purified aluminium crystals is 
96.5kg. The remaining liquid metal only makes up 2.5 wt % of the system. 

At 630.6°C another crystal AlFeSi-a starts to form. These crystals contain 19 wt 

30 % Fe and 10 wt % Si and are therefore highly impure. The separation of these crystals 
from the purified aluminium crystals thus also results in purification. During this 
crystallisation step the temperature does not change and in this respect the solidification 
behaves like the solidification of a pure metal i.e. at a solidification point, or a eutectic 
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binary metal. This point is the ternary eutectic point. At this point over a zero 
temperature range the remaining 2.5 wt % of the mass solidifies. 



The above is summarised in Table 3. 

5 

Table 3 



Temperature — 


Purified Al 


A13Fe by- 


AlFeSi-a by- 


Liquid (kg) 


range (°C) 


crystals (kg) 


product (kg) 


product (kg) 




655.8 - 644.9 


75 


0 


0 


25 


644.9 - 630.6 


96.5 


1.0 


0 


2.5 


630.6 


98.64 


0.22 


1.14 


0 



Assuming for simplicity that the by-products can be wholly separated from the purified 
aluminium crystals Table 4 shows the net result of the process. 

10 

Table 4 





Product 


By-product 1 


By-product 2 


Net by-product 


Total (kg) 


98.64 


0.22 


1.14 


1.36 


%Fe 


0.04 


41 


19 


34 


%Si 


0.4 


0.7 


10 


7 



In a batch process carried out according to the invention unless special provisions are 
made then the 75 wt % solid aluminium that forms between 655.8 - 644.9 °C will form 

15 a solid matrix in which no turbulent liquid motion is possible. After further cooling the 
by-product of crystals containing Fe or Fe and Si will be very small crystals. Small 
crystals are more difficult to separate from the purified aluminium crystals. 

However, the purified aluminium crystals formed between 655.8 - 644.9 °C may 
be removed from the molten aluminium by e.g. fractional crystallisation and a solid- 

20 liquid separation step. The molten aluminium remaining will then be near the eutectic 
valley. With all the crystals removed from the molten aluminium the further eutectic 
solidification of two phases is not geometrically confined in a crystal matrix which 
means larger crystals can form. This is particularly the case when the liquid is stirred. 
The formation of larger crystals means crystals containing at least one foreign element 
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e.g. Fe which are denser than aluminium can be selectively removed from the molten 
aluminium leaving a slurry of eutectic liquid and purified crystals of aluminium. The 
slurry can then be separated using a solid-liquid separation technique whilst the 
remaining eutectic liquid can be recirculated into the crystalliser. 
5 The process can also be carried continuously in a continuous crystalliser 

comprising e.g. a cooling vessel. Molten aluminium containing one or more foreign 
elements, is cooled to a eutectic temperature in the vessel to simultaneously form 
purified aluminium crystals and crystals containing at least one foreign element. The 
solid fraction of the contents of the vessel is substantially maintained at e.g. 10%. As 

10 soon as the solid fraction becomes higher than 10% the cooling is reduced and as soon 
as the solid fraction falls below 10% the cooling is increased. Simultaneously the 
purified aluminium crystals and crystals containing at least one foreign element are 
removed from the molten aluminium at a rate which equals the formation rate. The 
crystals form according to the mass balance given in table 4 above. This means that 

1 5 although the composition in the vessel is eutectic and stays eutectic, the composition of 
the continuous input of molten aluminium containing foreign element(s) determines 
how much product and by-product are formed. 

It should be noted that within the fairly large eutectic temperature range further 
choices can be made to optimise the size, shape and composition of the by-product. 

20 The above calculations show that from 100kg of aluminium containing 0.5 wt % 

Fe and 0.5 wt % Si the invention gives a very high potential yield of 98.64 kg of 
product containing only 0.04 wt % Fe and with a slightly reduced Si content of 0.4 wt 
%. 

The aluminium alloy product obtained containing 0.04 wt % Fe and 0.4 wt % Si 
25 can be further purified by means of at least one fractional crystallisation step which also 
gives a liquid waste which is almost eutectic and can be used in the process of the 
present invention. 

The invention will now be illustrated with reference to the following 
diagrammatic representations of the invention in figures 1 to 3 . 
30 In figure 1 reference number 1 indicates the supply of a metal containing at least 

one foreign element, preferably in molten form, to a first process vessel 2. In the 
process vessel 2 the molten metal is cooled to the eutectic temperature to 
simultaneously form purified metal crystals and crystals containing at least one foreign 
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element Number 3 indicates the supply of molten metal containing purified metal 
crystals and crystals containing at least one foreign element to a further process vessel 4 
in which the molten metal containing the purified metal crystals and crystals containing 
at least one foreign element is separated into multiple fractions, containing various 
5 concentrations of the crystals containing at least one foreign element. The separation of 
the molten metal containing the purified metal crystals and crystals containing at least 
one foreign element into multiple fractions may be performed in the same vessel in 
which crystallisation occurs. The separation may be performed by using a centrifuge 
which selectively moves the crystals containing at least one foreign element and 

1 0 purified metal crystals due to their difference in density or by using an electromagnetic 
field which selectively moves the crystals containing at least one foreign element and 
purified metal crystals due to the difference in conductivity between them or by using a 
floatation technique which selectively moves the crystals containing at least one foreign 
element and purified metal crystals due to their different affinities for gas bubbles. 

1 5 Number 5 indicates the removal of the molten metal comprising a lower concentration 
of the crystals containing at least one foreign element and a higher concentration of the 
purified metal crystals. The molten metal can be supplied as a final product or 
alternatively the purified metal crystals can be separated from the molten metal in 
process step 8 and supplied as a final product 9 whilst the molten metal 10 is 

20 reintroduced to the first process vessel 2. Re-cycling the molten metal results in the 
advantage that the by-products from the process are minimised. Number 6 indicates the 
transportation of the molten or solid metal which comprises a higher concentration of 
the crystals containing at least one foreign element to a third process vessel 7 in which 
most of the crystals containing at least one foreign element are separated from the 

25 molten metal using e.g. filtration or centrifugation or may be otherwise separated from 
the metal once solidified. The remaining molten metal 10' can be regarded as a final 
product or may be reintroduced to the first process vessel 2 if the amount of crystals 
containing at least one foreign elements remaining in the molten metal is considered to 
be too high. Re-cycling the molten metal also results in the advantage that the by- 

30 products 25 from the process are minimised. 

Number 1 1 in figure 2 indicates the supply of a metal containing at least one 
foreign element, preferably in molten form, to a first process vessel 12. In the process 
vessel 12 the molten metal is cooled at the eutectic temperature to simultaneously form 
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purified metal crystals and crystals containing at least one foreign element. The 
majority of purified metal crystals and the crystals containing at least one foreign 
element are subsequently substantially simultaneously separated from substantially the 
total amount of molten metal. Number 13 indicates the transportation of the purified 
5 metal crystals and the crystals containing at least one foreign element which have been 
removed from substantially the total amount of the molten metal. The purified metal 
crystals and crystals containing at least one foreign element are separated from each 
other in process step 15. Process step 15 may comprise adding the mixture of purified 
metal crystals and crystals containing at least one foreign element to molten salt with a 

1 0 specific density between that of the specific densities of the purified metal crystals and 
the crystals containing at least one foreign element so that some of the crystals sink into 
the salt whilst the remainder float on the salt. The molten metal 14 may be regarded as 
a final product or may be recycled into the process vessel 1 2 to form part of the metal 
containing at least one foreign element in the vessel 12 thereby helping to minimise the 

1 5 by-products generated by the process. 

In figure 3 number 21 indicates the supply of a metal containing at least one 
foreign element, preferably in molten form, to a process vessel 22. In the process vessel 
22 the molten metal is cooled at the eutectic temperature to simultaneously form 
purified metal crystals and crystals containing at least one foreign element. The process 

20 vessel may also contain a layer of molten salt in contact with a layer of the molten 
metal containing both the purified metal crystals and crystals containing at least one 
foreign elements, and means to transport substantially all the crystals containing at least 
one foreign element into the molten salt layer. The salt layer containing the 
substantially all the crystals containing at least one foreign element can then be 

25 separated from the molten metal containing purified metal crystals as indicated by 
number 23 and the purified metal crystals are also separated from the molten metal as a 
final product as indicated by number 24. The molten metal can be retained in the 
process vessel. 
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CLAIMS 

1 . Method for the purification of a molten metal containing one or more foreign 
5 elements, characterised in that the molten metal is cooled to a eutectic 

temperature to simultaneously form purified metal crystals and crystals 
containing at least one foreign element, and in that at least some of the crystals 
containing at least one foreign element are separated from the purified metal 
crystals by using a solid-solid separation technique. 

10 

2. Method according to claim 1 5 wherein prior to the application of the solid-solid 
separation technique at least some of the purified metal crystals and the crystals 
containing at least one foreign elements are substantially simultaneously 
separated from substantially the total amount of molten metal. 

15 

3. Method according to claim 1 or 2, wherein the solid-solid separation technique is 
executed by separating the purified metal crystals and the crystals containing at 
least one foreign element into multiple fractions, wherein the ratio of the 
concentration of the purified metal crystals and the concentration of the crystals 

20 containing at least one foreign element in one of the fractions is higher than the 

ratio thereof in the molten metal. 

4. Method according to claim 1 or 2, wherein at least some of the crystals 
containing at least one foreign element are separated from substantially the total 

25 amount of molten metal containing purified metal crystals. 

5. Method according to claim 3, wherein the solid-solid separation is executed 
using centrifugal force. 



30 



6 



Method according to claim 3, wherein the solid-solid separation is executed 
using an electromagnetic field. 
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Method according to claim 3, wherein the solid-solid separation is executed 
using a floatation technique. 

Method according to any of claims 5, 6 or 7 additionally comprising a 
subsequent solid — liquid separation step. 

Method according to claim 4, wherein a layer of salt is brought into contact with 
a layer of the molten metal containing both the purified metal crystals and 
crystals containing at least one foreign element, and wherein means are used to 
transport at least some of the crystals containing at least one foreign element 
into the salt layer and at least some of the purified metal crystals are separated 
from the molten metal. 



Method according to any of the preceding claims wherein the molten metal is 
aluminium. 



Method according to claim 1 0 wherein the foreign element(s) comprise one or 
more of iron, silicon, copper, manganese and magnesium. 

Method according to any of the preceding claims wherein the purified metal 
crystals and crystals containing at least one foreign element are formed and 
separated continuously. 

Method according to any of the preceding claims wherein the molten metal 
containing one or more foreign elements is subjected to a fractional 
crystallisation process and a solid-liquid separation technique before the 
remaining molten metal is cooled to a eutectic temperature to simultaneously 
form purified metal crystals and crystals containing at least one foreign element. 

Method according to any of the preceding claims wherein molten metal 
containing one or more foreign elements remaining after the solid-solid 
separation step is subjected to a fractional crystallisation process and a solid- 
liquid separation technique. 
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15. Method according to claim 14 wherein the molten metal containing one or more 
foreign elements remaining after the solid-liquid separation technique is 
subjected to a process according to claim 1. 
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